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.-ibs[ruct

A prototYpe flylng-wire Mm-profile monitor has been

dcsigrmd, fabricated, and tested to measure profiles of high-

currcnt high-duty electron beams. The device measures the

beam’s horizontal and vertical profile with ir pair of thin

carbon filaments mounted on a wheel. The beam that

intcrcqts the filaments, or wires, produces electrons by

sxxondar~ clmision in proportion to the inci&nt beam curmtt.

The secondary electron signal is detected either by measuring

the charge depletion current on the wirm or by measuring the

current collected on a pair of positively biased charge
collectors. A servo motor is used to accdcrate the wheel from

is::; to a spetd of 25 RPS in !c:;s thai~ half a revolution

passin~ Ihc. :ires [hloti~,h Frc pa:h of the beam at a speed of

-- If) m/s, “~h:: Wh(:fil i:: G!cfi dccclmtwd back to rest before

complr[!rrg, onc fu!i rcvoiutior). The precise timing

requirements of this application lead 1,0the cevclopmcnt of an

indexer capable of controlling !hc servo m( [or position with

less than 20 ps of timing ji[ter

i. mmfmucmm
A vrcu)qq)c livicg. wm; krem-pIofilc mm! [Or, ShOWn

:;~h~fn;lti~fijl y !0 Fl,qlurc. 1, ~~~, ~t;en ~,:vclopfid to measure

prrrlilc:; ()( hi~h ctu~m:t high-duy ci~won t-wanis where the

(]sc of” ~~~’~ i~~~i~s ~1 f]xd-wl~c SLa!lnC~$ Wou!ti ~()[ k

practical. ThC system was rlc.sigrwd for usc on tile Avcragcri

Power Laser Expcrimcn[ .md Hi2tr powered Osc.illutor

(APLFmPO) clwnm accclermr u~dcr construction tit Brxmrg

Acmspacc Company. l%c noli]ud APL~WO beam has an

energy of -18 McV and wrrcnt of’ about ().2 A avcraguf OVCI

an i-lms long macropul.sc The width of’ t.hc beam varies from

1 mm to 5 mm. The profile monitor musurcs the beam’s

horizonrid and vctical profihx using a pair of 35 pm diameter

cfirbon fikuncnLs mounted perpendicular :0 onc antMha on ii

wh~cl hilt SWCX2flS lhC~ through Ihc hCn~. The Wheel

diwnctcr is 1-1cm and the distance trom the wheel’s axis of
rota(li)n to [hc axis of ttrc beam IS 6.6 cm. DUC 10 dIC IIIKII

power dcnxily )f the iwfirn, is I( IS nol dcNriiblc 10 piacc uny

ma[crd, other l)iu) lhc wi~.:i, in ~hc Pa[h of thc bealn. Th(:

sIII~lc siN)kc dcsIgu of the wheel JIIOWS ItIC IINJXIII)IIIT) an~~lilur

rani:c 10 ‘Icc(:lcratc IIIC whr.cl ~’rolll rcs[ to [hc Oi)CIUIIIIg

v\”i(KIIyamf hack k) rest bcf(m [hr. s~x)kc GMI IXISS lhrou~h [hc

~Al of lhC lXUllI1. “TIIC.pn)f”ilc is (ic(rrlnlncd t)y tn(.llsurln~

Ctlhrr Ihc cll:]r~c tfr?plc[l(m c’urrcn[ ()! (I)c wlrcs or f’roln Ihc

charge collection current of a pair positively biased charge

ccrllectom mounted concxmr-ic with the beam axw on either

side of the whcxl. TIIC current signal from either the wires or

cdectors is crrnvcrmd to a proportional voltage sigmd which

H k displayed on an osdloscope or recoded by a translcrrt

dgitizf.x.
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Figure ! Schcmm.ic view of the pro[otypc

Hying-wire beam-profile monitor.

H. SECONDARY EMISS1ON ELECTRONS
~li( hum pmfiic is dctcrmincd by mtxsuring the sccon(iwy

cm LssIon clcctmn signal from the inwrxtion of the beam wIth

the wire. The scxxmdary electron prrxiuct]on ra[c for 30 McV

electrons on carbon has been rncasurcd to ix about 3%,11 I

As..urning this rite, the secondary electron current is caiculatcci

m k on [hc order of 2(X) !-LA for a 35 Wn wire in tfrc ccmcr

of a I mm diameter 0.2 A beam. The current of sccon(kwy

cirx-trims IS wmasurr(i try either [hc Chilrgc dcpidlon CUITIMLof”

the wtrc or the cicctron currcni coilcwxl on ncarhy coilcctorx.

DcCilusc thC dismhum)n of the s ,m(iary cicctrons ftilis off
rqmily wllh cncr}~y, mxiy aii the secwdarlcs can be :Mracl:[i

10 ii Ilc:lrh y coi i[’flor i)ia.sd il[ u fcw Illlli(ir(’(i ‘/oiL\.

111. III;AIVl llIiA’I’l N(i

I fc:)lm}! oi Illc wlrc hy Ihr hewn IS :! ln; lp)r cOIICC171when
;mcm~mn~ 10 uwasmc Ihc proiil(. of hi~h avc I:I~c vow{!
ciM:u(In lwams. t;[)r this rra.son IL IS ImpcIanve th;Il thr WIIC
passe% lhrou~h Ihc tM’aIIl qulckiy riIt)uKh !h~ll lhc WIIr Ii(K’s
1101 (wcr he:Il L’:IIISIIIK !hcrmouw CIIIISSII)II or tvf. aka~e. ‘ilc

Ilw 111 Ir’llllwfalulc I)i Illc Wlrr ‘1s If II:1V(”1SC5 Iilr !rc:llll Wlii Im’
l)It)~N)Itloll:d 10;
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where, 1- N the beam current, dE/dx is the energy loss of

the rkmons m the wire, Cs is the specific heat of the wire,

Vwlm is the velocity of the wire, and Wb~ is the width of

ilk beam. This does not take into account any h-at loss due
to thermal radiation or contktaiice. Of the many possible
wire materir.k, carbon filament has the lowest rWiO Of dE/dX
over Cs. Combined with iis tti&,. wt.~..” --.,.5 . . . . . . .

.-L. .. --:1.. . ..-.... -.h th; o

material is well suited for use in f!ying-wire scanners. For a
1 mm diameter, 0.2A beam, the carbon WiIC must be moved
through the ham at a @ of at least 10 m/s to keep the
calculated AT in the carbon wire below 2000 K. For wire
temperatures above 2000 K themrtonic emission and breakage
bemme a concern.

IV. MECHANICAL DESIGN
The primwY ctmlhmge of the mechanical &iorr is to

accelerate the motor and wheel from rest to the required
velocity and back to rest in less thi one revolution. Thc

acccleratron should be smooth and reproducible, with miriimal
timing jitter when the wire passes through the beam. A
Compumotor mode! KS-230 servo motor with indexer
position control was chosen for this system. ‘I%e motor wcs

sized to provide sufficient torque to accelerate the motnr ,and
wheel to a velocity of 25 RI’S in less then trrdf a revolution.
The ideal velorxy profile would have. a trapezmid shiape, i.e.,
constant acceleration from rest up to the desired operating
sprxxf, followed by a period of constant velocity as the two
wires pass through the ban, and finafly corwarrt dccclemtion
back to rest. Ht)wcver the combined inertia of the motor ~d
wheel, and the mpitf change m vciocity, make it difficult to
achieve the ideal velocity prwfi]c. 13gurc 2 shows a plot of an
ideal velocity profile specified by the indexer and an acluaf
prmfilc mc.asurcd by a tachometer mounted on the back of the
motor. There is considerable overshoot in the measured
velocity duc to inability of the servo motor’s closed loop

control system to nmct fast enough to keep the motor on the
spetificd velocity pmfilc. As the velocity IS incr-eased so do
tlm dcvia(ions of ttrc actual vcbcity profile from the spe.cificd.
For this rimsorr the motor sped must he recorded along with
the signal d.Wt ui order to calculate the wire’s time to position
conversion.

For the best performance the wheel must be both stiff and
light weight. Of the several mat~rlals: alumlnurn, t;-lo
fitwrf.71:lss epoxy, mui VESPI:.I. (~ pg!yirnidc) Iht WCft WICd

for the WIICXI, 1,6 mm-thick G-10 was found to be the best
whcci mtiteriid. Since the one-spoke wheel tend!; to distort n
small umoun~ during accclrmtion nnd dccclmanon, it is not
possible 10 rigidly rtttnch the wires to the whcci. [nstend uric
cnd of cxch wire is nttuchcd to the wheel with n small sprII~~
whictt helps mnintain it constant wlrc. tension. (Jslng Ihc
sprirl~ ;machmcnt (hc wires am ahlc to survlvc (wcr I (),()(X)
cycles at ii pd. WhCCl :Ipccd (d’ 25 RI>S, Thc. clcclrw:d
C(mlncls 10 ltlC wire were routrxi [hn)t)~h :1 h[)lc In (hc sh:lft t)~
the Icrndlurdic f’ccdllIr{mKh trtwc~n the wtv-cl in vacuurl) ulltl
the m[m)r In air, i]n(l IM)ttc(l I() ~nnirll:url the vii~tl(rll~ SC:II. A
short lcll~~ttl ~Jf wrrc was Iclt (III the mt)t(w cnd {)! lhC
Icrn}lluidiu tr!e{l[hrt)u~h to Iukc IIp IIIC slack M Ihc tm)tl)r
r[)t:llc(l hw’k :Iml fi)rlh, “[w{) srnnll rlrl~s w(.IC lnoul:tcd ~)n
crlhrr ~ii(lc 01 Ilrc wlrr I)e:ull lil~rrsc(’rlori 1)0111, 10 il(:( :1S IIlf”
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Figmc 2. Specified and measured velocity profil~s,

(solid and dashed curves mspectivcly).

V. ELECTRONICS
The semo motor is controlled by a pm!otypc VME indexer,

designed and built at LANL.f2~ This indexer wins dewgrrcd to

replace commercially available indexers that tend to have

timmg jitter of up to a fcw ms due to the cycle time of their

onboard microprocessors which must be interrupted to begin

the control scquertcc. The LANL indexer has no onhoard

micmpmcmor. Instead the indexer has only memory which

is loaded ithud of time with a bit pattcrrr corresponding to the

motor step sequence. Upon receipt of a trigger the bit pattern

is immediately read out at n constani rate cictcmrined by a

clock frequency. Using this indexer, the jitlcr between the

tnggcr and the time the wheel rota[cs half a revolution,

passing one of the wiru t.hrou~h the beam ccntcr at it whcml

sped of 25 RPS, was mea.w d to &. 20 ps with m.spect to

the cxtcma.1 Lr@cr.

A set of trnnsimpedancc amplifiers were designed and

fabr.~utxf 10 cr)nvcrt the smnfl secondary electron current to a

v[)lta~c si~nal with il guin 20,000 volts pcr mnpcrc. The

transimpcdnnce amplificm cou!d also imhm the input m!

np!)l y either a positive or ncgrttivc bi~s of lip to 300 V.



mea~urrxi from the charge dcplcuon cu~nt on the wms was
found m be fwly nOISy with a typI~ slgnaj to noise raLio of
less then 10. T’he poor slgrlal 10 noise ratio of the wlrcs 1s
attnbured to the -Ik Q resistance of the carbon wires which
makes them good anwnnas for picking up noise. Applying a
negative bias potenuid of a fcw hundred volts did not have any
rneasurablc effect the wire’s signaf w noise ratio. The signal
to noise ratio cd’ !he chxgc rnllec[or was found to he almost
an order of magnitude better then the wire’s. However the
charge collectors had a background Ievcl of about 10%. ’13e
source of the background is not completely understood but is
believed to be duc to sccondasy elect.rons produced by LfiC

inwactlon of the beam halo with the walls of the beam pipe.
The background subtmctcxf signal from ihc collectors was
comparable to the signal measured from t.hc wires, indicating
that the collection efficiency ww near 100’%. The signal
measured from tie wires and collectors was consistent widr a
sccon~ emission rate of about 190 per incident electron.

The second goal of the APEX barn tests was to scc how
WCII tic SCCOIl@-y electron signal from the wwcs could

dctcrminc the bcarn profile. Since the macro pulse was LOO
short to operate the systctn in the flying-wire mtic, t-he wires
were slowly step@ through the b betwwn macro pulses

to map out Lhe &mm profiie avmagctf over n number of macro
pulses. An optical transition radiauon (C)TR) scrtxn and video
camera system was mounted 28 cm upstream of rhc I_lylng
wire SCtUp to allow comparison between the flying-wire and
vidcts profl]c mcasurcmcnts. Figures 3 and 4 show OTR
Scrccn vs flying-wire profile m~surcments made. of two

different withh beams. The flying-wire profr]c rnca.suremcnts
were ma(ic using the charge collection rings with (hc
background suhtracccd. Rccau.sc tfw expansion of the beam
over the. 28 cm drift between the OTR scrcfin and [1yl[lg- wlrc
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Figure 4, Narrow beam profllc measured by [he flvlng wire
(dots ) cornparcd to tic proiilc measured by the (YIR scrccn
(solid curve). Also shown is expanded OTR profile (dashed
Ct.r.rwc).

is not WCII known, the width of tic OTR pmfllc has bczn
expanded to match tic width of the flying-wire pcrfilc. The
amplitude of both profiles has tin normalized [o ortc, and
both peaks have been centered at the origin. Thc flying-wtre
Proiilc mcamrcmcnts ;m in good agrccmcrtt with the expanded

OTR protilcs.

VII. CONCLUSIONS
The protmype flying-wire systcrn pcrfcmned well during

bench tc!its of the mechanical assembly. The system was
foumi to tw capitblc of accelerating the wheel up to the required
sqxxd wilh very Iittlc timing jitter. l%c prototype flying-wire

also pcrf’nrmcd WCII during beam LcsL$. The beam tCsLs
indicated that the charge collcctm-s hnd it significantly higher
Signiil to rroisc rJtIO and were therefore the best rncthod of
dctcz[lng the secondary clc.ctmn current sigmd from the be.nrn
and wm lrttcraction. I%c usc of chqc collectors will greatly
sm~plify [hi*.s~tup by ~iimiliaurlg the cicctricid connections to
[hc wirc:i mounted on the rupidly moving wheel.
Mciisllr~m~~t of’ it kiim pIX)filC, usin~ the charge collectors,
was in $ynNl :Igrecmcn( with hlrn pr[~f’ilcs observed on it near
hy i )TR scrrxn. Further refincrncnts nrc hemg mcorfrorutcd
m!!! !h~ ~’f’(?nd };cncralmn systctn that will lx! Inlt lnt~l scrvicc
(m th~ Ai’1 .IYI{P() IN.MIII Iinc for a fltlly Intcgmtcxl ~st of [hc
mcch:mtcid asscrnhly, clrxtronws, ;m(f control kystrm. TIIIs
syslcm (’;ul he rca(!ilv wlaptcd m mcasum lhc pfifilc of ;dm(vit
;my ch:lr~r’ piMllCIC hc:iin im)vt(lin~ its macro plllw. lcll~dl Is
suili[lcll(ly Iimg f{)r the, wlrcs 10 sc:ui it, ;111(1 Il!i currcnl

(Ic.nsl[y Is l(~W f’Il(:u@l to II(JI ovcr}wat the wires.

( Ill w’) ( “1’ w) l(i) ( Iwo)


